Abstract. In the current paper the impact of real Latvian climate conditions on a variety of building constructions is inspected. The influence of the humidity on buildings' sustainability in three different building units has been appraised. Condensate risks in a multi-layer wall are analyzed by transient outdoor climatic conditions. Risks of mould growth are discussed in detail taking into account the properties of building materials, dependence of humidity on temperature and season. The effect of vapour barrier is analyzed from several aspects. Theoretical analysis has been done based on real test stands built in Riga. Some experimental results are obtained.
Introduction
An analysis of sustainability of different building solutions is necessary. One of the factors that may have a negative influence on the sustainability of the buildings is moisture. U-value could significantly increase due to the water content in the building construction, therefore, building energy consumption could also increase. Condensate formation in the building construction can cause a serious damage. Mould growth which may result from high moisture also has a negative influence on the building sustainability and human health. Mould, decay and insect damage in buildings is caused when moisture exceeds the tolerance of structures, which may be a critical factor for durability and usage of different building materials.
Risks of mould growth have been intensively analyzed over the last years. The influence of relative humidity and temperature on mould growth, on several microfungi and mycelium in different types of building materials was investigated in (Isaksson, Thelandersson, Extrand-Tobin, Johansson 2010; Thelandersson, Isaksson 2013; Viitanen et al. 2011; Sedlbauer, Krus, Zillig, Kunzel 2001; Johansson, Bok, Ekstrand-Tobin 2013; Nielsen, Holm, Uttrup, Nielsen 2004; Johansson, P., Extrand-Tobin, Svensson, Bok 2012) . Paper (Mundt-Petersen, Wallenten, Toratti, Heikkinen 2012) presents folos 2D visual mould chart taken int account t the influence of duration on mould growth and decline of mould growththat illustrates how it is possible to use the known models of mould growth in the practical moisture safety design processes. Report (MundtPetersen, Harderup 2013) uses the mould chart ato analyze the risk of mould growth in the walls consisting of insulation material and wood. Literature overview about moisture safety in wood frame constructions is given in . In (Vahid, Kjellstrom, Kalagasidis 2012) , mould growth risks were investigated in the ventilated attics in Sweden.
Comparison of the measured and calculated relative humidity in building constructions was done in Hagerstedt, Arfvidsson 2010; Hagerstedt, Harderup 2010) .
Since the critical conditions for mould growth in different building materials have been widely researched in the laboratory conditions, it will be interesting to analyze moisture risks in the real building structures in the real climatic conditions. Although these investigations about moisture risks in building constructions have been done nowadays, experiments that compare different building structures with similar conditions (orientation, size, room volume, placement of windows and doors, loft, floor, roof, etc.) are rarely conducted. Moreover, this type of analysis for the Latvian climatic conditions has still not been performed. Therefore, the theoretical and experimental analyses of moisture risks in different building solutions of external walls are recommended in the conditions of the Latvian climate. To achieve the goal, five test stands of houses have been built for the first time in Riga, Latvia (see Fig. 1 ), and these stands can help to verify moisture risks and sustainability of the solutions developed for the constructions of external walls, which are mainly produced from the local raw materials (ceramic blocks, foam concrete, wood, plywood, fibrolite, granules, sawdust plates etc.), in the conditions of Latvian climate.
Overall, the main goals of the current work are to estimate the risk of condensate formation and mould growth for different building constructions with similar U-value in the real Latvian climatic conditions in the long term, using the real polygon of the test stands. More information about test stands and online results are available in (EEM, 2013).
Description of 3 test stands
Experimental results of moisture risks in the building constructions have been obtained from the test stands of houses. All of them have the same orientation, net volume (27 m 3 ), roof inclination, foundation depth over the ground. Construction floors and roofs are also of the same kind. Windows are added in the south wall for analysis of the influence of solar radiation on the heating and cooling energy and indoor thermal comfort conditions. The only significant difference between the test stands is building components used in the construction of the wall.
Three building constructions of multi-layer walls have been analyzed. The layers of the walls are listed in the direction from outdoors to indoors (see Table 1 ). The material data is obtained from software WUFI, which has been used in the simulations, material database and some data is provided by the manufacturers (Aeroc, 2013; Paroc, 2013) . U-values with the thermal "boundary layers" of air are estimated approximately for wet conditions taking into account the change of thermal conductivity due to moisture. It is assumed that the convective heat transfer coefficient outdoors and indoors is constant 7.8 W/(m 2 K) due to the ventilated facade. In the test polygon, a vapour barrier with μ=10000 was placed behind the mineral wool on the side closer to the interior of the test stand made of wooden logs. No vapour barrier was used for the test stand from plywood. To analyze the effect of vapour barrier usage, the case with the vapour barrier added on the stand from plywood behind the mineral wool was also inspected. Experimental houses are equipped with a full system for monitoring, collection and storage of data. Test stands are currently equipped with approximately 40 sensors for measuring electricity consumption, humidity and temperature in the rooms, lofts, facades, under ground, etc. Relative humidity sensors are also added in the walls of test stands. In the experimental case, we will inspect sensors located in constructions mainly consisting from the wooden materials and mineral wool. The first sensor is located in the interlayer between plywood and mineral wool outside in the wall of the test stand from plywood. The second sensor is placed in the interlayer between wooden logs and mineral wool outside in the wall of the test stand from wooden logs. Both sensors are located in the east of each external wall.
In the experimental case, indoor relative humidity was not controlled and was changed by free floating conditions. However, indoor temperature was controlled till May 8 to ensure temperature 18C. After this day, the regime of the indoor temperature was changed by free floating conditions without heating and cooling. It was ensured that air change was similar for each test stand: 0.5 1/h. Fig. 3 . Annual cycle of temperature and relative humidity, according to the Latvian climatic conditions in the long term.
Weather data
The annual cycle was considered to analyze the risks of condensate formation and mould growth in the multilayered walls during a longer period (see Fig. 3 ). The meteorological data were taken from [19] by the time step of one hour for the relative humidity and temperature. The four year period from 2009-2012 was chosen and temperature was taken on the hourly basis, and these data were averaged. The reason for choosing that particular time period was to avoid weather anomalies that could appear in one year for a short time. At the same time, the weather data were not averaged too much, therefore variations of weather conditions during the time period of a few days was also taken into account.
The data for wind speed and direction, as well as the solar influence which is also shown in (Latvian Environment, Geology and Meteorology Centre database, 2013) was not used for simulations because the ventilated facade created for the test stands protected their walls (see Fig. 1 ). It was assumed that the temperature and relative humidity of the ventilated air layer are the same as those of the external atmosphere. For this reason the solar radiation through the wall boundary was not taken into account. The heat exchange coefficient must be the same as that of the interior air.
In the initial time period, when test stands were just completed, weather data, shown in Fig. 4 , was used. This data was obtained from the meteorological station created in the polygon of test stands.
Fig. 4.
Weather in the polygon of test stands. Initial period when the test stands were just completed.
Simulation methods
The commercial software WUFI®plus was used for the calculation of the simultaneous heat and moisture transport in multi-layered building components taking into account the whole building. The book (Kunzel et al 1995) describes in details the model used by software WUFI.
WUFI®plus is a room climate model which connects the energetic building simulation and the hygrothermal component calculation. Using the building simulation software WUFI®plus, the hygric and thermal ratios in a building, in its perimeter, and their interaction can be calculated and quantified as well as the energy demand and consumption of the system engineering. In the calculations of heat transfer in the multi-layered wall, WUFI takes into account thermal conduction, enthalpy flows through moisture movement with phase change and short wave solar radiation. Convective heat transfer by air flows has been disregarded, since it is usually difficult to quantify. The vapour transfer mechanisms included in WUFI are vapor diffusion and liquid phase diffusion. Convective vapor transfer by air flows has been ignored. 
Results and discussions
In this section, two cases are analyzed: long term climatic conditions and the initial time period, when test stands were just completed. Experimental results are given in the second case.
Moisture risks in the multi-layared walls during a longer time period
The results were obtained under the assumption that the indoor temperature and relative humidity are +20°C and 50%, respectively. The outdoor temperature and relative humidity are changing by annual cycles (see Fig. 2 ). For the calculation of the relative humidity in 3 test stands (see Table 1 ), the commercial software WUFI®plus was used. The results presented below were obtained during one year, which is the 6 th year after five years from the initiation of calculations, when some building materials could have been wetter. The maximum and minimum relative humidity and the relative humidity in an average winter (for the purposes of the simulation it is assumed that the winter period lasts from December 1 to February 28) are calculated in the building construction.
The indications in days are the mould germination time, e.g., generalized isopleths system for spore germination. The number of days indicated marks the duration after which the first germination takes place. Lower limiting humidity level (LIM) shows the critical conditions for mould growth, see Fig. 5b, d , f, thicker solid line (Viitanen et al. 2011) . Below LIM there is no biological activity. It is taken into account that LIM differs for biodegradable substrates (plywood, wooden logs) and porous materials (mineral wool). Dots in Fig. 5b, d , f represent the humidity versus temperature relation in the annual cycle by a three hour time step. Figure 5a shows that the test stand from plywood without the vapour barrier has a high risk of condensate formation. Vapour barrier effectively neutralizes this risk in the interlayer adjacent to the external layer, however, the risks of condensate formation and mould growth increase in the interlayer between the mineral wool and the plywood inside (see Fig. 5e , dashed line), that is explained by the fact that vapour comes in the direction from the outside to the inside in summer. Fig. 5e shows that the usage of vapour barrier can give an ambiguous effect. However, this risk is not so high in the reviewed case, e. g., total time when humidity can reach or exceed the limiting curve is only 70 hours. At the same time, it is expected that the relative humidity inside would be higher than 50% in summer, if cooling systems are not used, therefore the maximum relative humidity could be higher in a real situation. The risk of mould growth could also increase in summer if a stronger vapour barrier is used. (Fig. 6a against Fig. 6c ) and mould growth (Fig. 6b against Fig. 6d ) in the test stand from wooden logs. Maximal relative humidity is increased in the interlayer between the mineral wool and wooden log inside, however the risk of mould growth is not significantly in this case. Fig. 6c also shows that the level of relative humidity is changing insignificantly in the most part of wooden log outside due to a high water vapour diffuse resistance factor characteristic of wooden logs (see Table 1 ), therefore vapour diffuses slowly through the building construction. Fig. 7 . Relative humidity curve (left) and relative humidity versus temperature in a specific place of the building wall (right). Dotted curve on (b) corresponds to the dashed line in (a) where wind protection slab is placed adjacently to the mineral wool layer.
In case of the test stand from aerated concrete, the highest relative humidity is observed on the wind protection slab outside (see Fig. 7a ). However, the lowest temperature prevails in this place. The risks of mould growth are insignificant for the test stand from aerated concrete (see Fig. 7b ). This can be explained with high vapour permeability of insulation materials and aerated concrete that allows vapour to diffuse relatively quickly through insulation materials, therefore the relative humidity is higher only in the winter period, when the temperature is low and risks of mould growth are lower due to a low outdoor temperature.
Some experimental results on moisture in building constructions
Tests stands of houses were completed in December, 2012. Some sensors were installed in the walls of each test stand, and results started to appear in April. Test stands mainly consisting of wooden materials and mineral wool are investigated in this section due to the highest moisture risks. Numerical results are obtained by software WUFI taking building geometry, weather data, boundary conditions on the wall, air change coefficients etc, as close as possible to real tests stands. Dots in Fig. 8, 9 , 10, 11 represent the humidity versus temperature relation in the annual cycle by a one hour time step. Fig. 8 . The dynamics of relative humidity in a specific place of the building wall (see Fig. 5a , vertical dashed line) .
The difference between numerical results and experimental results (see Fig. 8 ) can be explained with inaccurately estimated diffusion resistance factor μ for wooden logs (see Table 1 ), which can be lesser in the real situation. μ value can also be lesser for the vapour barrier incorporated in the test stand from wooden logs. Therefore, vapours can diffuse quicker through the insulation materials and minimal value of relative humidity is lower in the test stand from wooden logs. Fig.  8 also demonstrates that the relative humidity changed from 93% to 66% during the period of 80 days, and this result significantly differs from the numerical result (see Fig. 6 ), where the amplitude was only 5%. This can indicate that drying happens in wooden logs due to the higher moisture in the initial time period. As it was expected from theoretical simulations (see Fig. 6d ), relative humidity is lower in summer. Relative humidity versus temperature in a specific place of the building wall (see Fig. 5a , vertical dashed line) Fig. 9 demonstrates that the risks of mould growth are high in the initial time period although numerical simulations showed (see Fig. 6d ) that risks of mould growth is low in the long term. Fig. 10 . The dynamics or relative humidity in a specific place of the building wall (see Fig. 6a , vertical dashed line).
Numerical results differ from the experimental results (see Fig. 10 ). It can be explained by the fact that relative humidity obtained from simulations is taken exactly from the interlayer adjacent to the external layer of the plywood house. However, the sensor can be placed not exactly in the interlayer, and that can slightly decrease the maximal value of relative humidity (see Fig. 5 , dashed line). Nevertheless, numerical and experimental results are compatible enough for the test stand from plywood (see Fig. 10 ). Fig. 11 . Experimental results. Relative humidity versus temperature in a specific place of the building wall (see Fig. 6a , vertical dashed line). Fig. 11 demonstrates that spore germination process occurred in the test stand from plywood. Relative humidity was above the lower limiting humidity level during almost the entire time period from May 9 to June 26 (see Fig. 11 ). That means that spore germination process definitely occurred in the test stand. That result coincides quite well with the theoretical simulation for a long time period (see Fig. 5 ). This result shows that moisture damages can appear if vapour barrier is not used in the test stand from plywood.
Conclusions
The current work demonstrates that moisture can have a negative influence on the building construction, e.g., the constructions which consist of wooden materials. The construction that consists of wooden logs is particularly prone to that risk due to relatively low water vapour permeability.
The vapour barrier can effectively decrease the risk of condensate formation and mould growth. However, the role of vapour barrier usage is ambiguous and potentially can heighten the risk of mould growth in the insulation material in the direction towards interior. In the observed cases, this risk was insignificant.
Experimental results demonstrate that critical conditions for mould growth are overreached for both tests stands consisting of wooden materials and mineral wool. Even the usage of the vapour barrier does not help the test stand consisting of wooden logs. The current experimental results concerned the initial time period, when tests stands were just completed. In future, the collecting of experimental data will continue, and that will allow analyzing the risks of mould growth in building constructions in the long term. The next experimental results will give a possibility to confirm or decline the hypothesis that the risks of mould growth are higher for constructions consisting of wooden logs and mineral wool in the initial time period.
